Let E be a real q-uniformly smooth Banach space, which is also uniformly convex (for example, L p or p spaces, 1 < p < ∞), and C be a nonempty bounded closed convex subset of E. Let T : C → C be a k-strictly asymptotically pseudocontractive map with a nonempty fixed point set. A hybrid algorithm is constructed to approximate fixed points of such maps. Furthermore, strong convergence of the proposed algorithm is established.
Introduction
Let E be a real Banach space and E * be the dual of E. We denote the value of x * ∈ E * at
x ∈ E by x, x * . The normalized duality mapping J from E to  E * is defined by
for all x ∈ E. It is known that a Banach space E is smooth if and only if the normalized duality mapping J is single valued. Some properties of the duality mapping have been given in [, ] . Let C be a nonempty subset of E. The mapping T : C → C is called nonexpansive if
for all x, y ∈ C. Also, T is called uniformly L-Lipschitz if there exists a constant L >  such that
for all x, y ∈ C and each n ≥ . The mapping T : C → C is called k-strictly asymptotically pseudocontractive if there exist a sequence {k n } in [, ∞) with lim n→∞ k n =  and a constant k ∈ [, ), and for any x, y ∈ C, there exists j(x -y) ∈ J(x -y) such that
for each n ≥ . If I denotes the identity operator, then (.) can be written in the form
The class of k-strictly asymptotically pseudocontractive mappings was first introduced in Hilbert spaces by Qihou [] . In Hilbert spaces, j is the identity and it is shown [] that (.) (and hence (.)) is equivalent to the inequality . It would be of interest to study the class of k-strictly asymptotically pseudocontractive mappings in view of the fact that it is closely related to the above two classes.
On the other hand, using the metric projection, Matsushita and Takahashi [] introduced the following iterative algorithm for nonexpansive mappings:
where coD denotes the convex closure of the set D, J is the normalized duality mapping, {t n } is a sequence in (, ) with t n → , and P C n ∩D n is the metric projection from E onto C n ∩ D n . Then, they proved that {x n } generated by (.) converges strongly to a fixed point of the mapping T.
In this paper, motivated by these facts, we introduce the following iterative algorithm for finding fixed points of a k-strictly asymptotically pseudocontractive mapping T in a uniformly convex and q-uniformly smooth Banach space:
where coD denotes the convex closure of the set D, J is the normalized duality mapping, {t n } is a sequence in (, ) with t n → , and P C n ∩D n is the metric projection from E onto
The purpose of this paper is to establish a strong convergence theorem of the iterative algorithm (.) for k-strictly asymptotically pseudocontractive mappings in a uniformly convex and q-uniformly smooth Banach space.
Preliminaries
The modulus of smoothness of a Banach space E is the function
E is uniformly smooth if and only if lim t→ + ρ E (t)/t = . Let q > . The Banach space E is said to be q-uniformly smooth if there exists a constant c >  such that
Hilbert spaces, L p (or p ) spaces,  < p < ∞, and the Sobolev spaces, W p m ,  < p < ∞, are q-uniformly smooth.
When {x n } is a sequence in E, we denote strong convergence of {x n } to x ∈ E by x n → x and weak convergence by x n x. The Banach space E is said to have the Kadec-Klee property if for every sequence {x n } in E, x n x and x n → x imply that x n → x. Every uniformly convex Banach space has the Kadec-Klee property [] .
Let C be a nonempty closed convex subset of a reflexive, strictly convex, and smooth Banach space E. Then for any x ∈ E, there exists a unique point x  ∈ C such that
The mapping P C : E → C defined by P C x = x  is called the metric projection from E onto C. Let x ∈ E and u ∈ C. Then it is known that u = P C x if and only if
In the sequel, we need the following results. 
(Note that γ does not depend on T.)
In order to utilize Corollary . for k-strictly asymptotically pseudocontractive mappings, we need the following lemmas.
Lemma . [] Let E be a real Banach space, C be a nonempty subset of E, and T : C → C be a k-strictly asymptotically pseudocontractive mapping. Then T is uniformly LLipschitzian.
Lemma . [, Lemma .] Let E be a real q-uniformly smooth Banach space and C be a nonempty convex subset of E. Let T : C → C be a k-strictly asymptotically pseudocontractive map, and let {α n } be a real sequence in [, ] . Define S n : C → C by S n x := ( -α n )x + α n T n x for all x ∈ C. Then for all x, y ∈ C, we have
where L is the uniformly Lipschitzian constant of T and c q >  is the constant which appeared in
for all x, y ∈ C and each n ≥ .
Theorem . [, Theorem .] Let E be a real q-uniformly smooth Banach space which is also uniformly convex. Let C be a nonempty closed convex subset of E and T : C → C be a k-strictly asymptotically pseudocontractive mapping with a nonempty fixed point set. Then (I -T) is demiclosed at zero, i.e., if x n x and x n -Tx n → , then x ∈ F(T), where F(T) is the set of all fixed points of T.

Strong convergence theorem
In this section, we study the iterative algorithm (.) for finding fixed points of k-strictly asymptotically pseudocontractive mappings in a uniformly convex and q-uniformly smooth Banach space. We first prove that the sequence {x n } generated by (.) is well defined. Then, we prove that {x n } converges strongly to P F(T) x, where P F(T) is the metric projection from E onto F(T). Proof It is easy to check that C n ∩ D n is closed and convex and F(T) ⊂ C n for each n ∈ N. Moreover, D  = C and so
By the mathematical induction, we obtain that F(T) ⊂ C n ∩ D n for all n ∈ N. Therefore, {x n } is well defined.
In order to prove our main result, the following lemma is needed.
Lemma . Let C be a nonempty bounded closed convex subset of a real q-uniformly smooth and uniformly convex Banach space E. Let T : C → C be a k-strictly asymptotically pseudocontractive mapping with {k n } such that F(T) = ∅. Let {x n } be the sequence generated by (.), then for any j ∈ N,
Proof Fix j ∈ N and put m = n -j. Since lim n→∞ a n =  and lim n→∞ t n = , it follows from the last inequality that lim n→∞ x n -H m x n = . Thus, lim n→∞ x n -S m x n =  and so lim n→∞ x n -T m x n = . This completes the proof.
Theorem . Let C be a nonempty bounded closed convex subset of a real q-uniformly smooth and uniformly convex Banach space E. Let T : C → C be a k-strictly asymptotically pseudocontractive mapping with {k n } such that F(T) = ∅. Let {x n } be the sequence generated by (.). Then {x n } converges strongly to the element P
F(T) x of F(T), where P F(T) is the metric projection from E onto F(T).
